Background: Violence toward MSM and female sex workers (FSW) is associated with HIV risk, and its prevention is prioritized in international HIV/AIDS policy.
Introduction
According to the United Nations, key populations at risk of HIV including MSM, sex workers, and persons who inject drugs face a high burden of violence [1] , and violence both directly and indirectly increases HIV infection risk [1] [2] [3] [4] [5] [6] [7] [8] . Risks of sexual, physical, and verbal abuse are especially heightened for key populations, contributed to by the hazardous nature of sex work and drug use, criminalization of behaviours, and wider religious, political, and societal discrimination [7, 8] . Victims who report being the subject of violence to health and police authorities may be met with ambivalence, reducing the incentive of victims to report assault [9] [10] [11] [12] [13] [14] [15] .
The disproportionate burden of HIV in key populations in sub-Saharan Africa epidemics is now recognized [16] [17] [18] . In Kenya, which has a declining generalized HIV epidemic, approximately a third of all new HIV infections occur among MSM, female sex workers (FSW) and their immediate partners [19] . Homosexuality and sex work are criminalized, attract antipathetic political rhetoric, and arouse negative public opinion [10] . Retrospective studies suggest high levels of violence among MSM [20] and FSW [9] in Kenya. Here we report a direct comparison of the incidence of sexual, physical, and verbal assault among MSM, FSW, and other adults participating in a research cohort in coastal Kenya.
Methods

Study recruitment
The KEMRI research clinics based in Mtwapa and Kilifi, coastal towns north of Mombasa, enrolled adults into prospective cohort studies of HIV-positive and HIVnegative adults at high risk for HIV transmission [21, 22] . Inclusion criteria were age 18-49 years, residence in the clinic catchment area, and evidence of high-risk sexual behaviour in the past 3 months (i.e., reported commercial sex work, multiple sexual partners, anal sex, a recent sexually transmitted infection, or an ongoing relationship with an HIV-positive partner). Enrolled participants were classified into four comparison groups: MSM, FSW and 'other' high risk men and women (non-MSM men and non-FSW women eligible by the other inclusion criteria outlined above).
Study follow-up
Participants were followed-up at monthly or quarterly clinic visits. Clinic assessment included behavioural risk assessment and medical history elicited at a face-to-face interview, a standardized physical and genital examination, and HIV testing if hitherto seronegative. Recall of assault and characteristics of the last assailant were elicited during risk assessment. From 2005, participants were asked if they had experienced rape in the previous 3 months, defined as unwanted anal or vaginal penetrative intercourse with a male. In 2011, questions about recent physical assault and verbal abuse relating to sexual orientation or behaviour were introduced. Risk assessment also included recall of recent sexual behaviour and substance use.
Statistical analysis
Incidence was defined as the average rate of first reported assaults occurring during follow-up. For participants who reported any assault, follow-up was censored at the estimated date of first report of assault (mid-interval between visits) thus subsequent reports of assault were excluded from analysis. Otherwise follow-up was censored at the last documented clinic date, or the study end date (May 2014). Incidence was summarized for each enrolment group with 95% confidence intervals (CI) using Poisson regression. Kaplan-Meier survival functions were compared using log-rank tests. We used generalized estimating equations with a logit link function and exchangeable correlation structure to assess associations between individual or visit-level covariates and reported rape, physical assault, and verbal abuse for both MSM and FSW. Variables in crude association with outcomes (P < 0.10) were retained in multivariate models. Stata version 11 (StataCorp, College Station, Texas, USA) was used for data cleaning and analysis.
Ethics statement
The study was approved by the ethical review board at the Kenya Medical Research Institute. All participants provided written informed consent.
Results
From 2005 to 2014, 1425 participants (including 726 MSM and 367 FSW) contributed 3117 person-years of follow-up (pyrs). Sociodemographic characteristics of MSM and FSW were similar to each other (median age 25 and 26, respectively), but were younger, more educated and less likely to be in formal employment than other enrolled men and women (median age 29 and 28, respectively).
Between 2005 and 2014, 114 participants reported being raped. Six and half per cent of MSM were raped within 12 months of enrolment, versus 1.2% in non-MSM; rape incidence was significantly higher among MSM than among non-MSM male participants (3.9 versus 0.7 per 100 pyrs, P < 0.001) ( Fig. 1a ). Rape incidence was also higher among FSW than in non-FSW women (4.8 versus 2.6 per 100 pyrs, P ¼ 0.12) and was not significantly different from incidence among MSM ( Fig. 1a ,
Between 2011 and 2014, 92 participants reported being the victim of physical assault and 184 of verbal abuse. Physical assault and verbal abuse were both more often reported than rape by both FSWand MSM ( Fig. 1a ). FSW reported a higher incidence of physical assault than MSM (21.1 versus 12.9 per 100 pyrs, P ¼ 0.14) and a significantly higher incidence of verbal abuse (51.3 versus 30.9 per 100 pyrs, P ¼ 0.03). Physical assault and verbal abuse were more common among MSM and FSW than among non-MSM men and non-FSW women respectively, though this difference was only statistically significant for verbal abuse toward men (MSM 30.9: versus other men: 0 per 100 pyrs, P ¼ 0.01). Table 1 shows the crude and adjusted associations with 64 MSM and 43 FSW rape events reported at 12 901 followup visits. Younger age was associated with MSM rape risk, with odds of rape declining by approximately 10% per increasing year of age. MSM rape risk was also associated with co-occurrence of a number of behaviours in the same interval, namely exclusive MSM behaviour, transactional sex, and group sex in the previous 3 months. The strongest adjusted association with rape was cooccurrence of group sex in the same period, which was reported at 7.8% of MSM visits. Most rape events were reported by MSM who also reported recent transactional sex (76.6% of rape events) and exclusive MSM behaviour (57.8% of rape events) in the same period, and both behaviours were independently associated with an approximately doubled risk of rape. Any alcohol use in the previous month was associated with higher crude risk of rape for both MSM and particularly for FSW. No other associations were observed for risk of rape among FSW.
Any alcohol use in the month prior to a visit was also strongly associated with risk of physical assault 
Discussion
Our findings suggest that the individual risk of rape among MSM is similar to that experienced by FSWon the Kenya coast, and that both populations also experience significant risk of physical assault and verbal abuse related to sexual behaviour. The level of abuse reported by MSM and FSW participants is significant, especially when considered against the lower rates reported by the other cohort participants who are also at a higher risk of HIV infection when compared with the general population.
Okal estimates over 11 000 MSM and 29 500 FSW in Nairobi and were our findings generalizable, they would project that 430 MSM and 1416 FSW experience rape at least once per year in one city [23] . True burden of assault is likely to be higher, given that our methods exclude repeated rape reports and were based upon reports in face-to-face interviews, which may be subject to social desirability [24] .
Comprehensive care for sexual violence should integrate medical treatment, psycho-social support and legal advice to access criminal justice mechanisms. Kenya has an exceptional record of delivery on postrape service development, including national clinical guidelines, Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
referral pathways, and chain of evidence systems [25, 26] . Whereas our study did not determine whether or not rape victims sought services, current service models are currently oriented to meet the postviolence needs of women and children, and the accessibility and appropriateness of such models for the complex needs of MSM or sex workers now needs evaluation.
Our findings suggest associations with violence that may inform individual and contextual risk-reduction. Selling sex and alcohol use were consistently associated with higher incidence of all forms of assault, consistent with other studies [9, 27, 28] . Alcohol intoxication may pose direct risks through behavioural disinhibition and misreading of the risks implicit in contact with strangers [29] . Chersich et al. reported that binge drinking of alcohol was associated with violence risk among FSW in Mombasa and concurrent HIV risk behaviours [30] . As our measures were not specific to violence events, it is also plausible that these associations between sex work, alcohol use, and violence risk reflect periodic rather than concurrent associations. This could suggest that sex work negotiated in the context of alcohol-serving establishments presents more risk than brothel-based or home-based sex work. Further research should explore the utility of individual-level interventions to improve risk avoidance and resilience among MSM and FSW, as well as venue-based interventions targeting active sites of sex work negotiation and alcohol consumption.
Young age, exclusivity in male partners and experience of group sex were specifically identified as independent risk factors for rape among MSM. Behavioural studies of this cohort suggest that younger exclusive MSM tend to have higher casual male partner and client counts perhaps implying that risk of violence relates to more frequent exposure to risky situations [Smith AD et al. this issue].
However, examples outside Africa report a high risk of violence toward MSM adopting receptive anal sex roles and MSM exhibiting a more feminine appearance, suggesting a gendered element of sexual violence [31] .
Whilst most physical violence against FSW was perpetrated by regular partners, as has been described elsewhere [32] , perpetrators of MSM violence and FSW rape were generally unknown to the victim and suggest opportunistic aggression. Comprehensive prevention must therefore include structural interventions aimed squarely at eliminating any perceived legitimacy of violence and abuse perpetrated against minority populations. Current Kenyan policies prioritize key populations in the national HIV/AIDS response, and cite the need to reduce violence against these groups [33] . Yet HIV/AIDS policy is in contrast to messaging throughout Kenyan law criminalizing these populations, as well as to antipathetic political and religious opinion [34] . Such laws and commentary risk legitimizing discriminatory social and professional practices toward MSM and FSW in an environment in which violence is tolerated. Redressing this status quo demands bold and unambiguous leadership [van der Elst et al. this issue].
The study had a number of limitations. Assault occurrence was measured across variable periods of follow-up, rather than as discrete events. Hence it was not possible to explore whether observed associations were with the circumstances of assault events or alternatively with risk of assault occurrence. Discordance between period of assault recall and visit intervals introduced the risk of duplicate reporting of assault, hence our decision to limit analysis to first reported occurrence of assault. Whilst this has advantages in comparing risk between individuals, it inevitably results in an underestimate of the total incidence and burden of assault through exclusion of repeated assault experience.
In conclusion, interventions to prevent violence toward key populations and deliver accessible care for victims need to be developed to complement existing services. Further research is also needed to clarify the direct and indirect consequences of violence on HIV and other health risks, including psychological and social wellbeing.
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